Abstract. Knowledge of variables influencing serology is crucial to evaluate serology results for the diagnosis and clinical management of cystic echinococcosis (CE). We analyzed retrospectively a cohort of patients with hepatic CE followed in our clinic in 2000-2012 to evaluate the influence of several variables on the results of commercial enzymelinked immunosorbent assay (ELISA) and indirect hemagglutination (IHA) tests. Sera from 171 patients with ≥ 1 hepatic CE cyst, and 90 patients with nonparasitic cysts were analyzed. CE cysts were staged according to the WHO-IWGE classification and grouped by activity. A significant difference in ELISA optical density (OD) values and percentage of positivity was found among CE activity groups and with controls (P < 0.001). The serological response was also influenced by age (P < 0.001) and cyst number (P = 0.003). OD values and cyst size were positively correlated in active cysts (P = 0.001). IHA test showed comparable results. When we analyzed the results of 151 patients followed over time, we found that serology results were significantly influenced by cyst activity, size, number, and treatment ≤ 12 months before serum collection. In conclusion, serological responses as assessed by commercial tests depend on CE cyst activity, size and number, and time from treatment. Clinical studies and clinicians in their practice should take this into account.
INTRODUCTION
Cystic echinococcosis (CE) is a zoonosis caused by the larval stage (metacestode) of Echinococcus granulosus, a tapeworm found in the small intestine of canids with livestock, especially sheep, as its natural intermediate host. Human CE is highly endemic in pastoral communities, particularly in regions of central Asia and China, South America, the Mediterranean, Eastern Europe, the Middle East, and East Africa, causing an estimated burden of 1-3 million disabilityadjusted life years and annual loss of over US$2,000 million in livestock production. 1, 2 In human primary infection, CE cysts may develop in almost any organ. Up to 80% of patients have a single organ involved with a solitary cyst located most frequently in the liver. 3, 4 The diagnosis of hepatic (and more in general, abdominal) CE is based mainly on ultrasound (US), and the standardized World Health Organization Informal Working Group on Echinococcosis (WHO-IWGE) classification of CE cysts is used to guide the clinical management of patients. 5, 6 In the WHO-IWGE classification, CE cysts are grouped into active (CE1 and CE2), transitional (CE3), and inactive (CE4 and CE5). CE3 cysts have been further differentiated into CE3a (with detached endocyst or water lily sign) and CE3b (predominantly solid with daughter vesicles). 7 According to a study on the metabolic profiles of these stages, CE3b cysts should be classified as active, while CE3a can be equally likely to be active or inactive. 8 Serology has a complementary role to imaging in the diagnosis of CE. However, even the combined use of imaging and serology can sometimes fail to establish a definitive diagnosis. In particular, small active cysts, inactive cysts, or extrahepatic cysts with suggestive but not pathognomonic imaging features require invasive diagnosis if a definitive diagnosis is needed. The performances of immunoassays are heterogeneous and influenced by the antigen and technique used and by many clinical variables. 9, 10 Unfortunately, these data are often not taken into account when test performances are assessed and, in the clinical setting, when serology results are interpreted. Knowledge of serology behavior and influencing variables is crucial for clinicians to evaluate serology results in the context of each patient's condition. This work aimed to broaden the knowledge on the variables influencing serology results using two commercial serology kits marked with European Conformity. Among the variables explored, stage, number, and location of cysts, presence of complications, collection of serum after treatment, and infection with other parasitic or nonparasitic diseases have been reported to influence serology results. 10 Cyst dimensions, however, have never been taken into account as a continuous variable in previous studies. In this retrospective analysis of a cohort of patients diagnosed with hepatic CE and followed in our clinic from May 2000 to June 2012, we found that not only cyst activity and time from treatment but also antigen mass influence the results of two commercial enzyme-linked immunosorbent assays (ELISA and IHA) test used in the diagnostic parasitology laboratory of our hospital.
MATERIALS AND METHODS
Patients and cysts classification. Electronic demographic and clinical records of patients with echinococcal and nonparasitic hepatic cysts seen in our clinic between May 2000 and June 2012 were searched for subject selection. Patients with extrahepatic CE were excluded from this study because of the known very poor sensitivity and negative predictive value of serology in the diagnosis of extrahepatic CE. Data extracted were gender, age at visit, cyst etiology (echinococcal or nonparasitic), number, stage and largest diameter of cysts, and date and type of treatment. Echinococcal cysts were classified based on US morphology according to the WHO-IWGE *Address correspondence to Francesca Tamarozzi, Department of Clinical, Surgical, Diagnostic and Pediatric Sciences, University of Pavia, Via Brambilla 74, Pavia 27100, Italy. E-mail: f_tamarozzi@ yahoo.com †These authors contributed equally to this work.
classification and grouped as follows: active (CE1, CE2, and CE3b), transitional (CE3a), and inactive (CE4, CE5). This grouping was chosen on the basis of the results of the metabolic profile of CE cysts assessed by magnetic resonance spectroscopy in a previous work by Hosch and others. 8 When ≥ 2 CE cysts were present, the patient was grouped according the most active cyst, and, when more cysts of the same stage were present, the patient was grouped according to the cyst of largest diameter. Patients with nonparasitic hepatic cysts were used as controls because nonparasitic cysts represent the most common differential diagnosis of CE cysts. Patients without previous therapy obtained at the first visit in our center were included in the cross-sectional analysis. For the analysis of influence of time from therapy on serology, patients with post-intervention residual lesions due to conservative surgery or percutaneous treatment, and patients previously treated with albendazole with at least one follow-up visit after treatment were included. For this analysis, patients who had received treatment were further divided into those who received treatment ≤ 12 and > 12 months before serum collection. This period was arbitrarily chosen based on the reported kinetics of antibody titers after surgery.
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Serology. Sera were analyzed by ELISA test in the parasitology laboratory of our hospital using the European Conformitymarked kit Ridascreen ® Echinococcus IgG (R-Biopharm, Darmstadt, Germany), based on cyst fluid purified antigens, according to the manufacturer's instructions, showing a repeatability coefficient of variation (CV) = 6.3-8.6% and a reproducibility CV = 5.0-5.7% (N = 24). Cutoff for a positive test was ≥ 1.1 optical density (OD). Sera were also processed with European Conformity-marked test Cellognost ® Echinococcosis IHA (Siemens Healthcare Diagnostics, Marburg, Germany) with a cutoff for a positive test of 1:64 titer, as indicated by the manufacturer.
Statistical analysis. Quantitative variables were expressed as the mean and standard deviation if normally distributed and median and interquartile range (IQR) if not normally distributed. Qualitative variables were described as number and percentage. Differences between groups were evaluated using χ 2 or Fisher exact test, as appropriate. ELISA OD results
were compared between groups using Kruskal-Wallis analysis of variance, and post hoc tests were performed to correct for multiple comparisons. Correlations between two variables were assessed with Pearson's correlation coefficient. ELISA OD values and indirect hemagglutination (IHA) titers were log transformed to achieve normality and included as the dependent variable in univariable and multivariable regression models. Age, gender, cyst stage and activity group, diameter of the largest cyst, and number of cysts were considered as independent variables after testing for collinearity with Spearman correlation coefficient. The results of the regression models were expressed as the coefficient and relative 95% confidence interval (CI). Log-transformed ELISA OD values and IHA titers over time were compared between groups using a longitudinal data analysis method. Populationaveraged generalized estimating equation (GEE) models with an autocorrelation of order 1 were fitted considering age, gender, treatment (received ≤ 12 or > 12 months from serum collection, or never received), cyst stage and activity group, diameter of the largest cyst, and number of cysts as independent variables. The results of the GEE models were expressed as the coefficient and relative 95% CI. The coefficient indicates the mean change of log-transformed ELISA OD per unit change of the independent variable. A P < 0.05 was considered statistically significant. All tests were two sided. Data analysis was performed with the STATA statistical package (version 13.1; Stata Corporation, College Station, TX).
RESULTS

Patient characteristics.
Of the patients, 171 with 205 hepatic CE cysts (median = 1, range = 1-3 cysts/patient) and 90 controls with 90 nonparasitic cysts were included in the crosssectional analysis. A total of 151 patients with 194 hepatic CE cysts (median = 1, range = 1-3 cysts/patient) examined over 674 visits (median = 4, IQR = 2-6 visits/patient; median of follow-up 40 months, IQR = 14-80) were included in the longitudinal analysis. Of these patients, 89 (68.9%) were receiving therapy at the first time point of the analysis. Demographic and clinical characteristics of included subjects are summarized in Table 1 .
Cross-sectional analysis. Cyst size (mean largest diameter) did not differ significantly between cyst stage groups (P = 0.780). As expected, a statistically significant difference in ELISA OD values was found between CE cysts (of all stages and activity groups) and nonparasitic cysts (P < 0.0001 for all comparisons, with adjusted P = 0.001 and 0.004, respectively) (Figure 1) . Furthermore, ELISA OD values differed significantly between activity groups of cysts (P < 0.0001 for all comparisons, with adjusted P = 0.004) with the exception of transitional versus active cysts, which had comparable serology results (Figure 1) . When the same analysis was carried out by cyst stage, these results were confirmed (Figure 1) .
When ELISA positivity rates were compared between cyst activity groups and cyst stages, results mirrored those obtained by the analysis of ELISA OD values. Positivity rates differed significantly between CE cysts (of all stages and activity groups) and nonparasitic cysts (P < 0.001 for all comparisons) (Figure 1) . Moreover, positivity differed significantly between cyst activity groups (P ≤ 0.001 for all comparisons) with the exception of transitional versus active cysts that had comparable serology results (Figure 1) .
To evaluate the factors associated with serology results at first visit in the absence of any previous treatment, univariable and multivariable analyses were carried out. The results are summarized in Table 2 . Cyst activity group, size, and number of cysts were positively correlated, whereas age at visit was negatively correlated, with ELISA OD values. This result may be due to the significant difference of mean age between the groups (P < 0.001). On the contrary, gender of patients was not significantly correlated with ELISA OD values. All variables that were significantly correlated with serology results in the univariable analysis were also found to be independent factors influencing ELISA OD results when multivariable analysis was carried out.
To assess whether our results were test-or antigen-specific, we carried out univariable and multivariable analysis on the results of the IHA test. As shown in Table 2 , results obtained with the IHA test were found comparable with the ELISA test, supporting the hypothesis that results have a biological basis independent from the test and antigen used.
To our knowledge, size of cysts as a continuous variable has not been taken into account in previous studies investigating the factors influencing serology in CE. Therefore, we investigated whether this factor was correlated with serology within all cyst activity groups. As shown in Figure 2 , we found that ELISA OD values and cyst diameter positively correlated only within the active cysts group (r = 0.038; P = 0.001), while no significant correlation was found within the other investigated groups. Comparable results (r = −0.28; P = 0.018 within the active cyst group) were found when analyzing the IHA titers (data not shown).
Longitudinal analysis. Using a GEE population-averaged model, we evaluated the factors influencing serology results over time, including time from therapy. Similarly to what was found in the cross-sectional analysis, the results from our cohort showed that cyst activity, size, and number were independently associated with ELISA OD values. Moreover, having been treated ≤ 12 months before serum collection †The coefficient indicates the mean change of log-transformed ELISA OD per unit change of the independent variable. ‡Only independent variable significantly associated with the dependent variable in the univariable analysis were included in the multivariable analysis. §Data refer to the most active, and, when more cysts of the same stage were present, according to the cyst of largest diameter.
FIGURE 2. Correlation between cyst size and enzyme-linked immunosorbent assay optical density (ELISA OD) results in patients groups according to cyst activity.
was also independently associated with ELISA results, while age at visit and gender were not. The results of the longitudinal analysis are detailed in Table 3 .
DISCUSSION
The diagnosis and follow-up of CE are based on imaging, while serology has a complementary role supporting imaging diagnosis when imaging features are not pathognomonic. However, the performances of immunoassays are heterogeneous and influenced by many clinical and technique-related variables, which need to be taken into account by the clinician when interpreting serology results of individual patients. 9, 10 Unfortunately, the majority of studies evaluating serology test performance have used the presence or absence of infection only and have not taken into account other clinical variables. The stage of the cyst is the variable most often investigated in correlation with serology results, with a consensus finding that patients with CE1 and CE4-CE5 (hepatic) cysts are seronegative in a high percentage of cases (30-58% and 50-87%, respectively), while rates of negativity are lower in the presence of CE2 and CE3 cysts (5-20%). 10, [12] [13] [14] When the variables associated with serology results were investigated in more detail, serodiagnosis performance correlated with stage, number (single versus multiple), location (liver versus lungs), and size (< or > than 15 cm) of cysts; presence of complications; and collection of serum after treatment. 10, 11, 13, 15 Although in the majority of cases of hepatic CE the combined use of imaging and serology allows for a reliable diagnosis, in some instances they are inconclusive, and differential diagnosis with other lesions may be challenging. This is particularly true in the case of small CE1 and old inactive CE4-CE5 cysts that may lack clear pathognomonic signs of echinococcal etiology on US and are serology negative in a high proportion of cases. Currently, no reliable marker of infection or infection activity is available. Specific antibodies may be detectable for years in the presence of stably inactive cysts and even after radical surgery and do not imply the presence of active infection. [16] [17] [18] [19] As a result, clinicians with little experience with this disease infer that positive serology always means presence of active infection, a wrong assumption often resulting in unnecessary treatment, with attendant side effects, cost, and patient (and physician) anxiety. A good understanding of the behavior of serology and its influencing variables, beyond stage of cysts, is crucial for the diagnosis and clinical management of CE, and allows clinicians to evaluate serology results in the context of each patient's condition.
In our study, we investigated the correlation between serology results and activity, size and number of hepatic cysts, and collection of serum after treatment. Besides confirming previous results, 10 we clarified that the behavior of serology before and after 12 months from treatment differ. Furthermore, when we investigated the size of the cyst as a continuous variable, we found that diameter of cyst and serology results positively correlated only within the active cyst group, while no significant correlation was found within the other investigated groups.
From a biological point of view, the increase in the antigenic mass exposed to the host's immune system because of the loss of integrity of the cyst wall, either spontaneously or as the result of therapy, and the increase in the antigenic mass when multiple and large cysts are present, may at least partly explain our results. However, further studies should address the biological mechanisms at the basis of the variability of the immune response to CE.
In conclusion, our results expand current knowledge on the behavior of CE serology in respect to a number of variables present in the clinical history of patients with this infection, providing useful information to clinicians for the interpretation of serology results in the context of each patient's condition. 
